Abstract The isentropic exponent of single-ionized mono-atomic plasmas in thermal equilibrium is studied. Its behavior as a function of the ionization degree and temperature is examined for argon and zinc plasmas at two pressures (1 bar and 1 mbar, 1 mPa and 1 Pa), respectively. The results show that for the two sorts of plasma the isentropic exponent equals typically about 1.1∼1.2 within a considerably wide range of the ionization degree (5%∼80%).
A single-ionized mono-atomic plasma in local thermal equilibrium is considered here, i.e. all particles have the same temperature and ionization as determined by the Saha equilibrium. The isentropic exponent in plasmas can be derived from Dalton's law and the Saha balance. Dalton's law reads:
with p the total pressure, n the sum of the atom and ion densities, k the Boltzmann constant, T the temperature and α the ionization degree defined as the ratio of the ion density over the sum of the ion and atom densities. The Saha equation S [1] gives the relation between the electron density, n e , the ion density, n i , and the density of the ground level neutrals, n a ,
where m e equals the electron mass, h the Planck constant, T the electron temperature and g i and g a are the statistical weights of the ion and the atomic ground state. Dalton's law together with the Saha balance (2) gives
such that after solving the quadratic equation for n e ,
To calculate the isentropic exponent, γ, one should use the definition in gas dynamics: the isentropic exponent equals the ratio of the heat capacity at constant pressure, c p , and the heat capacity at constant volume,
For an ideal gas
but more general
These results give for expression (5):
as in agreement with MATSUZAKI [2] and OWCZAREK [6] . The heat capacity at constant pressure is defined as:
and the heat capacity at constant volume is defined as:
with H the specific enthalpy and e the internal energy.
and e = 3 2
The excitation energies can be neglected [7] . Taking the derivative of the specific enthalpy and the internal energy to temperature is not straightforward since the ionization degree, α, depends on the temperature, that is,
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Using expression (2)
This yields
and therefore,
Using a similar approach for c V , it can be shown that
Substituting expression (17) for c p and expression (18) for c V in expression (8) yields for the isentropic exponent (multiplying the numerator and denominator by (2 − α) ):
such that
(21) Expression (21) shows several observations. First, the isentropic exponent for plasmas is always larger than 1. Second, at (very) low ionization degrees, α ≈ 0, and at (very) high ionization degrees, α ≈ 1, the isentropic exponent for plasmas is equal to the isentropic exponent from gas dynamics (γ = 5/3). Further, the numerator and denominator of expression (21) are related to α (1 − α) , such that for a relatively large ionization degree range (5%∼80%), the isentropic exponent for plasmas is about constant, which we will show next. The largest terms in expression (21) are those related to E ion kT , such that expression (21) can be approximated by:
In order to show that an isentropic exponent of about 1.1 to 1.2 is a good first estimate in daily practice, expression (22) is graphically examined together with the ionization degree from expression (4). The Saha equation from expression (2) is substituted in for S in expression (4). Two types of plasmas are examined, the noble gas argon at sub-atmospheric pressure in Fig. 1 , and the metal zinc plasma at low pressures of about 1 Pa in Fig. 2 . Fig.1 The isentropic exponent for an argon plasma at two pressures within a considerably wide range of the ionization degree (5%∼80%). Gamma is the isentropic exponent, and alpha is the ionization degree (1 = 100%) (color online) Fig.2 The isentropic exponent for a zinc plasma at two pressures within a considerably wide range of the ionization degree (5%∼80%). Gamma is the isentropic exponent, and alpha is the ionization degree (1 = 100%) (color online)
The argon plasma at atmospheric pressure will have a temperature of about 11000∼16500 K (note that low and high ionization degree plasmas are not considered), and the isentropic exponent for this plasma is 1.18∼1.24. The high ionization side is considered less likely. The argon plasma at 1 mbar will have a temperature of about 8000∼10500 K, and the isentropic exponent for this plasma is 1.12∼1.15. A zinc plasma at a pressure of 1 Pa will have a temperature of about 4300∼5700 K, and the isentropic exponent for this plasma is now in the range of 1.11∼1.14. The zinc plasma at a pressure of 1 mPa will have a temperature of about 3400∼4400 K, and the isentropic exponent for this plasma is 1.08∼1.11.
Therefore, an isentropic exponent of about 1.1∼1.2 is a good first estimate. 
